Production of Vesicular Stomatitis Virus with Low Infectivity by Interferon-treated Cells
(Accepted 2 March T979) SUMMARY In cultures of Ly cells treated with lo or 3o reference units/ml of mouse interferon there was a 30 to 20o times reduction in the production of infectious vesicular stomatitis virus (VSV); virus particle production, as measured by VSV particle associated virus RNA, virus protein, and virus transcriptase, was inhibited by, at most, six times. These results suggested that interferon-treated cells produce VSV particles with low infectivity and resemble the findings in interferon-treated cells infected with murine leukaemia viruses.
Several laboratories have studied the effect of interferon (IF) on murine leukaemia virus (MLV) replication (Billiau et al. I974, I975; Friedman et al. I975; Wong et al. 1977 ). Inhibition of virus production did not correlate with inhibition of the production of virus RNA (Pitha et al. I976) and of at least some virus proteins (Friedman & Ramseur, I974) ; these results differ from those in other systems in which virus-directed transcription or translation were inhibited in IF-treated cells (Friedman, I977) . In IF-treated AKR cells in which there was marked inhibition of production of both endogenous MLV particles and infectious MLV, the intracellutar concentration of virus p3o antigen was unaffected (Pitha et aI. I976), or even increased (Friedman & Ramseur, I974) . In JL SV5-cells treated with IF the number of cell-associated virus particles was increased (Billiau et al. I976) , while the infectivity/particle ratio was reduced in IF-treated Mo-P cells (Billiau et al. I978) . Studies on the action of IF in Moloney murine leukaemia virus (MMLV) infections of mouse bone marrow/thymus (TB) cells showed that in IF-treated cells there was a/ooo-fold decrease in the production of infectious MMLV, a Io-to 2o-fold decrease in the level of virus-specific extracellular reverse transcriptase activity, and only a twofold difference in the number of virus particles observed on the cell membrane by scanning electron microscopy (Wong et al. I977; Chang et al. ~977) . These results suggested that IF treatment inhibits the release of virus from the cell membrane or the production of infectious virus particles. So far, such findings have been reported only in studies on MLV.
We have studied the mode of action of IF in Ly cells infected with vesicular stomatitis virus (VSV) and report that there was as much as a 2oo-fold decrease in the production of infectious virus particles; under the, same conditions there was only a To-fold decrease in the level of virus-specific extracellular transcriptase activity and a fivefold decrease in the production of VSV-specific N and M proteins. A single species of virus RNA (42S) was present in the VSV released into the extracellular fluid. The inhibition of virus RNA synthesis was about the same as that of virus protein synthesis and transcriptase activity.
The Indiana strain of VSV, originally obtained from Mr C. Buckler (NIAID, NIH, Bethesda, Md.), was plaque-purified and passaged at low multiplicities. The stock virus titre, assayed as 5 ° ~o tissue culture infectious doses (TCID~0) by c.p.e, in Vero or BHK cells grown in microtitre plates, was 2 × io 9 TCIDso. Ly is a mouse cell line which was obtained from Dr J. Youngner (The University of Pittsburgh Medical School). Vero cells originated from the kidney of a normal, adult African green monkey. Baby hamster kidney cells (BHK-2I) were obtained from the National Institutes of Health media unit. All cell lines were grown in Eagle's MEM supplemented with glutamine (0"03 g/5oo ml), IO~o heat inactivated foetal calf serum (Grand Island Biological Co., Grand Island, New York), penicillin (Ioo units/ml), streptomycin (Ioo/zg/ml), fungizone (o'25/zg/ml) and gentamicin (5/zg/ml). Mouse IF was prepared and partially purified on an antibody affinity column (Ogburn et al. I973) were collected and centrifuged at I-2 ooo g to remove cell debris. Portions of each sample were retained for assay of infectivity. The supernatant fluids were then centrifuged at 48000 g for 2 h, or were mixed with polyethylene glycOl to a final concentration of 6 %, so that a precipitate formed. The sediments or precipitates were washed three times and portions were saved for transcriptase assay. Virus was concentrated and purified in a 20 to 6o% (w/w) equilibrium sucrose gradient in SET buffer (5 ° mM-tris-HCl, pH 7"2, o-I M-NaC1 and 1 mM-EDTA) by sedimenting at 72ooog for I8 h in an SW27 rotor. The virus which banded at I" I6 to t. I8 g/ml was sedimented in a Beckman SW27 rotor for 3 h at I i 3 ooog. The pellet containing the purified virus was resuspended in o-i M-NaCI and IO raM-sodium acetate buffer (pH 7"2).
Data presented in Fig. ~ show that IF treatment inhibited the virus yield from 5o-to 3oo-fold depending upon the IF concentration employed.
Transcriptase assays were carried out according to the method of Colonno & Banerjee (I977) . Standard in vitro RNA polymerase mixtures (I ml) contained the following: 5o mMtris/HC1 (pH 8.o), o'~ M-NaCI, 0"5 mM-MgCI2, 4 mM-dithiothreitol, 0"05 % Triton, I mM-ATP, I mM-CTP, o-I mM-GTP, o-I m~t-UTP and Ioo #Ci of 3H-GTP. The reaction was stopped by adding 5% TCA at o °C. Precipitates were collected on Millipore filters (o'45/~m), washed five times with 5 % TCA containing 0.02 M-sodium pyrophosphate and dried under an infra-red lamp. The radioactivity was measured in a scintillation spectrometer. The results summarized in Fig. I indicated that even with 3o units of IF there was only a sevenfold decrease in transcriptase activity.
For analysis of virion proteins, Ly cells were treated with IF as described above. After virus adsorption and incubation for 5 h, the monolayers were washed with leucine-free medium and then 3H-leucine 05 to 2o #Ci/ml; New England Nuclear, Boston) was added in leucine-free medium containing 2 % dialysed foetal calf serum; the cells were incubated overnight. The supernatant fluids were collected and virus was purified from them. Virus proteins were analysed by polyacrylamide gel electrophoresis (Wagner et al. I969) . Gels were stained with Coomassie brilliant blue to locate marker proteins: bovine serum albumin (68K), ovalbumin (45K), chymotrypsinogen A (25 K) and ribonuclease 03"7K). The gels were then sliced into segments of ~.25 mm and each slice was put into a scintillation vial with 3o% H202 (~oo #l); the vials were kept at 9o °C for 3 h and the radioactivity incorporated into the gel slices was estimated in a scintillation spectrometer. Results in Fig. I show that with 3o units of IF there was only a fivefold decrease in the major virion proteins (proteins N and M) compared to untreated control samples. From the ratio of absorbance at 260: 280 rim, there was a fourfold decrease in virus protein concentration after treatment with 3o units of IF.
For virion RNA analysis, radioactive virus was prepared as follows: Ly cells were treated with o to 3o units/ml of IF overnight, then washed and infected with VSV. After 3 to 4 h of incubation, the medium was decanted and fresh medium containing actinomycin D (2 #g/ ml) was added; 3H-uridine (io to I5/tCi/ml; New England Nuclear, Boston) was added after I h and the cultures were incubated overnight. Purified VSV was prepared from the supernatant fluid by banding on a sucrose gradient as described above. Virus RNA was extracted with 0"3 ~o SDS and buffered phenol. The RNA was analysed on 2 % polyacrylamide-o.5 ~o agarose gels (Peacock & Dingman, I968), or by sedimentation in a 6 to 3O~o equilibrium sucrose gradient in SET buffer in a SW65 rotor at 2oooo00 ° for 2"5 h. In both cases ribosomal RNA was used as a marker. Results presented in Fig. I show that with 30 units/ml of IF there was an eightfold decrease in virion RNA produced. Only a single species of virus RNA (42S) was present. From absorbance at 260 nm, there was a fourfold decrease in RNA concentration after treatmentwith 3 ° units of IF.
The data show that following interferon treatment there is a marked reduction in infectivity compared to transcriptase activity, virion protein concentration and virion RNA content. These results suggest that in the presence of IF not only is the production of infectious virus particles inhibited, but also the production of non-infectious virus particles is disproportionately enhanced. These findings resemble those reported in TB cells infected de novo with MLV (Wong et al. 1977) as well as in chronically infected AKR (Pitha et al. I976) and in JL SV 5 cells (Billiau et al. I978) and suggest that this mechanism of IF action may not be restricted to RNA tumour viruses.
A possible mode of action that could account for the above observation is that IF treatment may alter the virion structural component(s); this in turn may decrease the production of infectious virus and increase the production of variant particles with low infectivity.
